Human paraoxonase (PON1) is a calcium-dependent esterase closely associated with high density lipoprotein (HDL)-containing apolipoprotein AI (apoAI), which has been shown to confer antioxidant properties to HDL. PON1 has been recently implicated in the pathogenesis of atherosclerosis. Low PON1 activities have been found in familial hypercholesterolemia (FH) and diabetes mellitus. We have undertaken a study of the effect of the lipid-lowering drug simvastatin on serum PON1 activity (in relation to paraoxon and arylesterase activity), on apoAI-containing and apolipoprotein B (apoB)-containing lipoproteins, and on lipid peroxide concentrations in 64 (39 women and 25 men) unrelated FH patients. We have also analyzed the influence of the PON1-192 and PON1-55 genetic polymorphisms on the response of PON1 activity to simvastatin therapy. A venous blood sample for a baseline analysis and another after 4 months of simvastatin therapy at a dosage of 20 mg per day were taken. The major effect of simvastatin on lipid traits was to decrease serum cholesterol, low density lipoprotein (LDL) cholesterol, and lipid peroxide concentrations by 19.9%, 26.3%, and 37.3%, respectively. There was also a significant decrease in serum apoB, LDL apoB, and triglyceride concentrations (20.5%, 21.1%, and 15.6%, respectively). Conversely, simvastatin had no significant influence on very low density lipoprotein-lipid content, HDL cholesterol, apoAI concentrations, and lipoprotein AI and AI:AII particles. Remarkably, serum PON1 activity toward paraoxon significantly increased during treatment with simvastatin (168.7Ϯ100.3 U/L before therapy versus 189.5Ϯ116.5 U/L after therapy, Pϭ0.005). Arylesterase activity displayed only a nonsignificant trend to increase after therapy. Whereas PON1 activity levels were significantly lower in FH patients before simvastatin therapy compared with those of 124 normolipidemic subjects (168.7Ϯ100.3 versus 207.6Ϯ125.2 U/L, respectively; PϽ0.05), this difference disappeared after simvastatin therapy. After simvastatin therapy, a significantly negative correlation between PON1 activity and lipid peroxide concentration was observed (rϭϪ0.35, Pϭ0.028). The latter also strongly correlated with LDL cholesterol concentration (rϭ0.64, PϽ0.001). Serum PON1 activity levels were significantly lower in the low-activity PON1-192 QQ and PON1-55 M carriers than in R carriers and in LL carriers, respectively. No significant differences were found in the therapeutic response of PON1 activity between genotype groups (8.5% and 11.1% increase for QQ homozygous and R-carrier FH patients, respectively, and 12.7% and 9.5% increase for LL homozygotes and M carriers, respectively). We conclude that simvastatin may have important antioxidant properties through increasing serum PON1 activity, perhaps as a consequence of reducing oxidative stress, by a mechanism independent of apoAI-containing lipoprotein concentration and without the influence of PON1-192 and PON1-55 genetic polymorphisms. Further studies are clearly warranted to clarify the precise mechanism by which simvastatin therapy is associated with increased PON1 activity. (Arterioscler
P araoxonase (PON1) is a calcium-dependent esterase closely associated with HDL-containing apoAI that has been reported to confer antioxidant properties on HDL by decreasing the accumulation of lipid peroxidation products. 1 PON1 is able to hydrolyze a number of substrates, such as paraoxon and phenyl acetate, and also lipid peroxides, cho-lesteryl esters hydroperoxides, and H 2 O 2 2 ; however, the physiological substrate of PON1 remains to be discovered.
It has been suggested that PON1 is related to coronary heart disease risk 3, 4 and that its activity, usually measured with paraoxon as a substrate, is under genetic and environmental regulation and appears to vary widely among individ-uals and populations. Regarding environmental parameters, it has been reported that mice that had consumed red wine had less oxidized LDL, which was probably related to enhanced serum PON1 activity in these polyphenol-treated mice. 5 On the other hand, cigarette smoking, involved in increased susceptibility to lipoprotein oxidation, seems to inhibit human plasma PON1 activity. 6 One molecular basis of the variations in PON1 activity is a polymorphism in the PON1 gene located in chromosome 7, which is clustered with at least 2 other related genes, PON2 and PON3. 7 The PON1-192 genetic polymorphism is composed of PON1 Q, an isoform with low activity toward paraoxon hydrolysis, which has a glutamine at position 192, whereas the high-activity PON1 R isoform contains an arginine at position 192. 8 Another polymorphism in the human PON1 gene at amino acid 55, the PON1-55 polymorphism, which contains a leucine (L) to methionine (M) substitution, seems to be more representative of PON1 protein concentration. 9 However, it has also been shown that the PON1-55 polymorphism modulates PON1 activity independently of the PON1-192 polymorphism in healthy people. 9 Compared with LL homozygotes, individuals homozygous for the MM allele appear to have lower PON1 activity toward paraoxon.
In addition to low PON1 activity in patients who had suffered from myocardial infarction compared with a control group, 10 a significant decrease in PON1 activity has been shown in diseases with accelerated atherogenesis, such as diabetes mellitus 11 and familial hypercholesterolemia (FH). 12 Various members of the statin class of lipid-lowering drugs have been shown to be effective in FH patients. In addition to its cholesterol-lowering effects, simvastatin, a widely used statin, appears to have antioxidant properties in vivo and in vitro and, therefore, could play an important role in preventing atherosclerosis. 13 However, at present, it is not known whether statins, particularly simvastatin, might influence serum PON1 activity.
We have undertaken a study of the effect of simvastatin in patients with FH, who are clearly candidates for lipidlowering drug therapy. The first goal of the present study was to investigate whether simvastatin therapy is associated with changes in serum PON1 activity and in the apoAI-and apoB-containing lipoproteins. The second goal was to analyze the influence of the PON1-192 and PON1-55 genetic polymorphisms on the response, if any, of PON1 activity to simvastatin therapy. PON1 activity and PON1 genotypes were also compared with those of a random population sample.
Methods

Patients
The study group consisted of 64 unrelated patients, 39 women (aged 60.1Ϯ9.0 years, meanϮSD) and 25 men (aged 51.3Ϯ13.2 years), with a clinical diagnosis of possible FH. The clinical diagnosis of FH was based on increased LDL cholesterol concentrations (Ͼ160 mg/dL), the presence of xanthomas in the proband or in a first-degree relative, and a positive family history of premature coronary heart disease or hypercholesterolemia in relatives. Medical, familial, and physical exploratory data were obtained for all patients. All patients were normoglycemic and had normal thyroid function. Patients were instructed to follow a regular hypolipidemic diet for 3 months before blood analysis, and none was on lipid-lowering drugs in this period. Thereafter, venous blood for a baseline analysis was taken in the morning after an overnight fast. Simvastatin was taken in 1 dose of 20 mg each night for 4 months, and a second blood analysis was performed. Body weight was stable during the course of the study. For comparison of PON1 activities in hypercholesterolemic and normocholesterolemic subjects, a control population composed of 124 apparently healthy normolipidemic people (aged 55.5Ϯ8.8 years) receiving no medication and randomly selected from the census was assessed. The study was approved by the local ethics committee.
Lipid, Lipoprotein, and Apolipoprotein Analysis
Serum cholesterol and triglycerides were measured by enzymatic methods. HDL cholesterol was measured as cholesterol after precipitation of apoB-containing lipoproteins with phosphotungstic Mg 2ϩ (Boehringer-Mannheim). An aliquot of serum was ultracentrifuged to remove lipoproteins of density Ͻ1.006 g/mL. After ultracentrifugation, the infranatant fluid was analyzed for contents of cholesterol, triglycerides, and apoB. The cholesterol and triglyceride contents in the infranatant fluid were subtracted from the total cholesterol and total triglycerides to give the cholesterol and triglyceride contents of VLDLs. HDL cholesterol was subtracted from the cholesterol content in the total infranatant fluid to give LDL cholesterol. Because apoB is found only in VLDL and LDL, analysis of apoB in the infranatant fluid provided a measure of the LDLassociated apoB. ApoAI and apoB were measured by an immunoturbidimetric method, with use of a Cobas Mira Plus (Roche Diagnostica), according to the manufacturer's instructions. ApoAIcontaining HDL (LpAI) concentration was measured by electroimmunodiffusion, with antisera and standards supplied by the manufacturer (Sebia), and HDL with apoAI and apoAII (LpAI:AII) was calculated by subtracting LpAI from total apoAI.
Analysis of PON1 Activity
PON1 activity toward paraoxon was measured after the reaction of paraoxon hydrolysis into p-nitrophenol and diethylphosphate catalyzed by the enzyme. PON1 activity was determined from the initial velocity of p-nitrophenol production (subtracting the spontaneous paraoxon hydrolysis) at 37°C and recorded at 405 nm by an autoanalyzer (Cobas-Mira Plus, Roche Diagnostica). Serum was added to a basal assay mixture to reach final concentrations of 5 mmol/L paraoxon, 1.9 mmol/L CaCl 2, 90 mmol/L Tris-HCl (at pH 8.5), and 3.6 mmol/L NaCl. Two strategies were followed to avoid spontaneous hydrolysis of diluted paraoxon solutions. First, a blank determination of basal assay mixture without serum was made. Second, 5 mmol/L aliquots of paraoxon basal assay mixture that were frozen at Ϫ40°C were used and thawed just before the beginning of each assay. Frozen aliquots of a serum pool were used as an internal control; these were thawed just before the beginning of the assay. At least 1 aliquot of the serum pool was measured in triplicate every 24 samples. The serum pool was used to correct for interassay variations. A PON1 activity of 1 U/L was defined as 1 mol of p-nitrophenol formed per minute. The molar extinction coefficient of p-nitrophenol is 18 053 (mol/L) Ϫ1 ⅐ cm Ϫ1 at pH 8.5. The intra-assay and interassay coefficients of variation were 0.78% and 1.69%, respectively. PON1 activity was also determined by use of phenyl acetate (arylesterase activity) as substrate, as previously described. 14 Arylesterase activity was determined as the initial rate of phenyl acetate hydrolysis catalyzed by serum in a cuvette with 1 mmol/L phenyl acetate, 0.9 mmol/L CaCl 2 and 20 mmol/L Tris-HCl, pH 8.0, at 25°C. Spontaneous hydrolysis was subtracted from total hydrolysis by determining a blank of the reaction mixture without serum. The hydrolysis of phenyl acetate was monitored at 270 nm with an ⑀ 270 (molar extinction coefficient at 270 nm) of 1310 (mol/L) Ϫ1 ⅐ cm Ϫ1 . Reaction mixture solution was prepared daily, and the same pool of human control sera as mentioned above was used as an internal control. A unit of arylesterase activity per milliliter is equivalent to 1 mol of phenyl acetate hydrolyzed per minute. Intra-assay and interassay coefficients of variation were 3.80% and 3.59%, respectively.
Lipid Peroxidation
Lipid peroxidation was measured by the thiobarbituric acid reactive substances test, as previously described. 15 The intra-assay and interassay coefficients of variation were 4.22% and 6.8%, respectively.
PON1-192 and PON1-55 Genotype Determinations
Fifty FH patients from whom white cells were available underwent PON1-192 and PON1-55 genotyping in the present study. Genomic DNA was isolated from white cells by the salting-out method. 16 Polymerase chain reactions were performed by using primer sequences derived from published data. 17 The amplification cycle was performed on a Perkin-Elmer Cetus 2400 Thermal Cycler with initial denaturation for 4 minutes at 94°C, followed by 35 cycles of 30 seconds at 94°C, 1 minute at 61°C, and 1 minute at 72°C, and finally by 7 minutes of extension at 72°C. For PON1-192, polymerase chain reaction products were digested with AlwI for 4 hours at 37°C, and the samples were electrophoresed in 3% agarose gels for 75 minutes at 60 V.
PON1-55 genetic polymorphism was determined in 50 FH patients and in 116 normolipidemic controls. For PON1-55 polymorphism, polymerase chain reaction products were digested with Hsp 92 II and electrophoresed in the same conditions as described above.
Statistical Analysis
For comparisons between baseline and posttreatment period values, statistical tests used were paired t test for normally distributed variables or a nonparametric Wilcoxon test for parameters with a skewed distribution. For comparisons between lipid traits and PON1 activity between genotype groups at baseline and after simvastatin therapy, a Mann-Whitney U test was performed. Spearman correlation coefficients were used to test the strength of the association between continuous variables. The 2 statistic was used to analyze associations in contingency tables.
Results
Serum Lipid, Lipoprotein, Apolipoprotein and Lipid Peroxide Concentrations
A major effect of simvastatin was to decrease serum cholesterol and LDL cholesterol concentrations by 19.9% and 26.3%, respectively (both PϽ0.001, Table 1 ). The decreases in serum apoB and LDL apoB were of a magnitude (20.5% and 21.1%, respectively; both PϽ0.001) similar to that of total and LDL cholesterol. There was also a significant decrease in serum triglycerides (15.6%, Pϭ0.005). Conversely, simvastatin had no significant influence on VLDLlipid content, HDL cholesterol, apoAI concentrations, and LpAI and LpAI:AII particles.
Interestingly, the greatest change was observed in lipid peroxide concentrations, which were reduced by 37.3% after simvastatin therapy (PϽ0.001). This reduction was low but also significant when the lipid peroxide-to-LDL cholesterol ratio was considered (Pϭ0.042). At baseline, there was a mild but significant correlation between lipid peroxide and LDL cholesterol concentrations (rϭ0.39, Pϭ0.010). After therapy, correlation between both parameters was even more pronounced (rϭ0.64, PϽ0.001).
PON1 Activity
Remarkably, serum PON1 activity toward paraoxon significantly increased during treatment with simvastatin (12.3%, Pϭ0.005; Table 2 ). Baseline PON1 activity was significantly Tomás et al PON1 Activity and Simvastatin Therapy lower in FH patients than in normolipidemic control subjects. This statistically significant difference disappeared after simvastatin therapy. PON1 activity toward phenyl acetate (arylesterase activity) displayed a trend to higher values only after simvastatin therapy, which was not significant (Pϭ0.166). Arylesterase activity was significantly lower in FH patients than in control subjects for both measurements ( Table 2 ).
There were no significant differences in serum PON1 activity levels toward paraoxon between men and women for both measurements (168Ϯ87 U/L in men versus 169Ϯ109 U/L in women at baseline, Pϭ0.917; 213Ϯ108 U/L in men versus 184Ϯ124 U/L in women after therapy, Pϭ0.376). Conversely, a weak significant difference in arylesterase activity levels between men and women was found before therapy (100Ϯ27 U/mL in men versus 85Ϯ21 U/mL in women, Pϭ0.046), which disappeared after simvastatin therapy (107Ϯ13 U/mL in men versus 96Ϯ21 U/mL in women, Pϭ0.125). In the control group, mean arylesterase activities were similar in men and women (127Ϯ27 U/mL in men versus 134Ϯ31 U/mL in women, Pϭ0.366).
A negative but not significant correlation between PON1 activity toward paraoxon and serum lipid peroxide concentrations was found before treatment (rϭϪ0.05, PϭNS). After simvastatin therapy, a significant negative correlation was observed between both parameters (rϭϪ0.35, Pϭ0.028). To answer the question of whether the increase in PON1 activity levels correlated with the decrease in serum peroxide concentrations, the difference of PON1 and lipid peroxide values after therapy from those obtained before treatment was calculated. A strong negative correlation between difference values of both parameters was observed (rϭϪ0.64, Pϭ0.001). Correlations between PON1 arylesterase activity and lipid peroxides in both determinations were not significant.
Influence of PON1-192 and PON1-55 Polymorphisms
PON1-192 genotype frequencies in FH patients were compared with a previously reported genotype distribution in 310 randomly selected control subjects. 18 PON1-192 genotypes in FH patients were distributed as follows: 31 (62%) QQ, 16 (32%) QR, and 3 (6%) RR. This distribution did not significantly differ from that of controls: 154 (49.7%) QQ, 123 (39.7%) QR, and 33 (10.6%) RR (Pϭ0.239). FH patients were classified into 2 groups according to PON1-192 genotypes: homozygous patients for the Q allele (nϭ31) and those who had 1 or 2 R alleles (nϭ19). The influence of PON1-192 polymorphism on PON1 activity and on lipid traits that had significantly changed during treatment and the genetic influence on the response to simvastatin therapy were evaluated before and after simvastatin treatment (Table 3) . No significant differences were found between the 2 genotype groups concerning serum concentrations of lipids and lipoproteins at baseline or after treatment. A similar trend (statistically or marginally statistically significant) in both genotype groups was observed with simvastatin therapy for all lipid parameters.
As expected, serum PON1 activities at baseline or after simvastatin therapy were significantly lower in the subset of the low-activity PON QQ genotype subjects than in R-carrier patients (PϽ0.001). No significant differences were observed between genotype groups in the therapeutic response of PON1 activity to paraoxon after simvastatin therapy (8.5% and 11.1% increase for QQ homozygous and R-carrier patients, respectively; Pϭ0.28).
PON1-55 genotypes in 116 normolipidemic subjects were distributed as follows: 38 (32.7%) LL, 58 (50%) LM, and 33 (17.2%) MM. This distribution did not significantly differ from that of the FH patients: 13 (26%) LL, 31 (62%) LM, and 6 (12%) MM (Pϭ0.294). Patients were classified in 2 PON1-55 genotype groups: LL homozygotes and M carriers. With the exception of serum triglycerides, a similar trend (statistically or marginally statistically significant) in both genotype groups was observed with simvastatin therapy for all parameters. There was no significant difference in the percentage of change for PON1 activity levels after therapy between the 2 genotype groups (12.7% for LL homozygotes and 9.5% for M carriers, Pϭ0.440). FH patients who were homozygous for the L allele had significantly higher PON1 activity levels in both measurements than those carrying the M allele.
No statistically significant correlations between PON1 activity levels and HDL cholesterol, apoAI, or LpAI concen- Values are meanϮSD or mean (interquartile range). *PON1 activity was significantly higher in R-carrier patients than in QQ homozygous FH patients for both measurements (PϽ0.001). † ‡PON1 activity was significantly higher in LL homozygotes than in M-carrier patients ( †Pϭ0.007, ‡Pϭ0.022).
trations were observed in patients stratified by PON1-192 or PON1-55 genotypes, before or after simvastatin therapy.
Discussion
Human and animal studies strongly support the hypothesis that oxidative modification of LDLs plays a crucial role in the pathogenesis of atherosclerosis. 19 Therefore, mechanisms preventing LDL oxidation appear to be antiatherogenic. In this respect, HDL-associated PON1 may be a major defense barrier against lipid peroxides from oxidized LDLs. 20 In vivo, PON1 may directly act on lipid peroxides, or more likely, lipid peroxides are first transferred to HDL and then destroyed by PON1. 2 Clearly, there is an obvious need to know whether environmental factors, such as diet or therapeutic factors, can influence serum PON1 activity or protein concentrations.
The findings of the present study lead to 2 major conclusions. First, serum PON1 activity toward paraoxon was considerably lower in FH patients without lipid-lowering therapy than in normolipidemic subjects. Simvastatin therapy appears to significantly increase PON1 activity to values closely similar to those of the control population. This increased PON1 activity was associated with a significant reduction of lipid peroxide concentration. On the other hand, whereas PON1 activity rose significantly after simvastatin therapy, HDL cholesterol concentration and apoAI as the major protein of HDL remained unchanged. Second, the therapeutic response of PON1 activity to simvastatin therapy was independent of PON1-192 and PON1-55 polymorphisms.
The significant low PON1 activity levels in FH patients compared with normolipidemic subjects found in the present study is consistent with the results of a previous study conducted in patients presenting heterozygous FH. 12 We previously found that the prevalence of the low PON1 activity QQ genotype in 310 control subjects from our area was 49.7%, 18 which was lower than that found in FH patients (62%). However, because our sample size was relatively modest for making effective genotype comparisons, it is difficult to entirely attribute the low PON1 activities in FH patients to genotype differences. Nevertheless, differences in the PON1-192 genotype frequencies between FH patients and controls were not statistically significant. In agreement with Mackness et al, 12 the decrease in PON1 activity may be a consequence of some aspect of the disease.
A second coding region in the human PON1 gene, the Met/Leu55 polymorphism, seems to be associated with differences in PON1 concentrations and activities. 9 Because there were no differences in the distribution of the Met/Leu55 genotype frequencies between FH patients and controls, the low PON1 activities in untreated FH patients cannot be attributed to the influence of the Met/Leu55 polymorphism.
The effects of lipid-lowering drugs (such as 2 fibric acid derivatives, bezafibrate and gemfibrozil) on PON1 activity levels were recently investigated, and no influence was found. 21 The present study is the first report showing a significant increase in serum PON1 activity in FH patients treated with simvastatin, a widely used statin. Statins have proved to be extremely effective in lowering LDL cholesterol by reducing the cellular production of cholesterol. However, the mechanism of these agents may be more complex than originally thought. Among data suggesting that statins may decrease hepatic production of apoB-100 22 and alter the production of HDL by the liver or gastrointestinal tract, 23 it has been recently proposed that simvastatin acts as an antioxidant in lipoprotein particles. 13 Therefore, the hypothesis under consideration was that simvastatin might have antioxidant properties through its influence on PON1-HDLassociated particles.
Some studies have reported significant correlations between PON1 activity and lipid or protein content of HDL. 12, 24 In the present study, no statistically significant correlations between PON1 activity levels and HDL cholesterol, apoAI, or LpAI concentrations were observed in patients stratified by PON1-192 or PON1-55 genotypes in both determinations. In fact, despite its effects on serum PON1 activity, simvastatin at a dose of 20 mg daily was unable to change either HDL cholesterol and apoAI levels or LpAI and LpAI:AII particle concentration. These observations raise some interesting considerations. Although PON1 has been described as preferentially associated with HDL subfractions containing apoAI, 20 the increase in PON1 activity under the influence of low-dose simvastatin therapy appears to be independent of HDL cholesterol and apoAI concentrations. Therefore, if simvastatin is assumed to have antioxidant properties, the latter are not due to changes in apoAI-containing lipoprotein concentrations, which may enhance PON1 activity. It has been suggested that serum PON1 activity may be associated with different species of HDL particles. 25 In this respect, a population of HDL-containing apoJ has been described, which is physically associated with PON1 in HDL, with the constant apoJ-to-PON1 molar ratio being 8.2Ϯ2.1 in affinitypurified apoJ lipoproteins. 26 It appears that apoAI is not associated with the majority of plasma apoJ HDL. 27 Therefore, one explanation may be that simvastatin enhances the incorporation of PON1 in the specific apoJ-HDL subfraction, which does not contain apoAI. However, evidence is at this time too scarce to warrant speculation on this topic, given that there are also other plausible explanations in view of recently published data. PON1 activity has been shown to be reduced in the course of oxidative incubation with Cu 2ϩ -induced peroxidation of LDL. 28 Oxidized LDL appears to inactivate PON1 through interactions between the enzyme-free sulfhy- 
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dryl group and oxidized lipids that are formed during LDL oxidation. 29 Thus, PON1 may be partially inactivated in the presence of oxidative stress, as probably occurs in untreated FH patients. We show that simvastatin therapy was associated with a strong reduction in LDL cholesterol and in lipid peroxide concentrations and that PON1 activity was inversely correlated with lipid peroxide concentrations after simvastatin therapy. We also show that PON1 arylesterase, which is more representative of PON1 protein concentration, 9 displayed only a nonsignificant trend to rise with therapy. Therefore, in view of recent data and the results of the present study, it seems reasonable to postulate that high-serum PON1 activity in treated FH patients is actually a consequence of a reduced oxidative stress elicited by simvastatin. Nevertheless, further studies are required to clarify the precise mechanism by which simvastatin therapy is associated with increased PON1 activity. The data presented in the present study indicate that PON1-192 and PON1-55 genetic polymorphisms do not consistently affect the lipid, lipoprotein, apolipoprotein, and lipid peroxide concentrations, either at baseline or after simvastatin therapy. The results also show no significant influence of either PON1 polymorphism on the magnitude of changes in lipid parameters during treatment. However, because the sample size of each genotype group was relatively small, these results should be viewed with caution.
As expected, at baseline and after simvastatin therapy, serum PON1 activity levels were consistently lower in FH patients carrying the QQ genotype and the M allele than in those carrying the R allele and the LL genotype. Again, no differences were observed in the effect of simvastatin therapy on serum PON1 activity among genotype groups. This suggests that the simvastatin effect on PON1 activity is not mediated by PON1-192 or PON1-55 genotypes.
As previously described, 8 serum PON1 activity levels toward paraoxon were unaffected by the sex of the individual. Conversely, arylesterase activity levels were slightly higher in men than in women, particularly at baseline. At present, it is difficult to explain this difference; however, the latter was not large, and the number of patients was too small to make effective comparisons. Furthermore, mean arylesterase activity was similar in men and women of the control group.
Uncertainties regarding whether PON1 activity, as measured by paraoxon hydrolysis, reflects the antioxidant capacity of the enzyme have recently been reported. 28 Results involving the association of the high-activity R allele and coronary heart disease are also controversial. Thus, extensive research remains to be undertaken. Meanwhile, in view of the findings reported in the present study, we propose that simvastatin may have important antioxidant properties through increasing serum PON1 activity, perhaps as a consequence of reducing oxidative stress, by a mechanism independent of apoAI-containing lipoprotein concentration and without the influence of PON1-192 or PON1-55 genetic polymorphisms. Because this effect may be clinically significant, further studies concerning PON1 and cardiovascular disease prevention are clearly warranted.
